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Monday, February 27, 2012 277awhich showed that the aggregation of H-Tel occurs with a relaxation time of
approximately 8 h. The concentration dependence of the rate of association
is also consistent with the formation of a tetrameric H-Tel structure. Using
CD and Raman, we did not observe similar association phenomena for
Hybrid-1 or Hybrid-2. This may be due to the role of the terminal bases in these
molecules, which suggests that the aggregation may arise from stacking of the
folded quadruplex molecules.
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Time-Resolved NMR-Studies of DNA I-Motif Formation Reveal Kinetic
Partitioning Mechanism
Anna Lena Lieblein, Janina Buck, Kai Schlepckow, Boris Fu¨rtig,
Harald Schwalbe.
Goethe-University Frankfurt, Frankfurt, Germany.
Beside thewell known double helix conformationDNA is able to build structures
stabilized by non-Watson-Crick base pairs like G-quadruplexes[1] and i-mo-
tifs.[2] Those structures can be formed by guanosine- and cytidine-rich strands.
These sequences are found e.g. in telomeres, the ends of eukaryotic chromo-
somes.[3] They present a good targets for cancer therapy. Quarduplex structures
are also found in the field of nanodevice applications.[4] The cytidine-rich strand
forms its intercalated structure in slightly acid environment.[2] The so-called
i-motif is stabilized by fully intercalated hemiprotonated C.Cþ base pairs.
We investigate structural changes and the kinetics of pH-induced folding of
various i-motif structures at atomic resolution. For this, we used a rapid-
mixing device which allows us to mix two solutions at a defined time directly
inside of the NMR-spectrometer.[5] We could show that after induction of the
folding with acid, competitive i-motif structures with different intercalation to-
pology are formed.[6] Depending on the species of the loop-forming nucleo-
tides equilibrium between build conformations can be changed.
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Differential Binding of Ions and Water in the Unfolding of DNA Hairpins
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Stem-loop motifs are appropriate models for the thermodynamic description of
the stability andmelting behavior of native DNA. In order to improve our under-
standing of the role of both ions andwater in the stability andmelting behavior of
DNA secondary structures, we used a combination of UV and CD spectros-
copies, and DSC calorimetric techniques to determine standard thermodynamic
profiles, the differential binding of ions (Dnion) and water (DnW) for the unfold-
ing of 22 hairpin loopswith different stem sequence and loops of 5 thymines. The
CDspectra indicated that all hairpins adopted theB-conformation at low temper-
atures. TheUVandDSC data showed all hairpins unfold in two-state transitions,
and accompanied by water releases of 12-24 mol H2O/mol hairpin and ion re-
leases of 0.38-0.76 mol Naþ/mol hairpin. Therefore, the folding of each hairpin
is accompanied by a favorable free energy term, resulting from the compensation
of a favorable enthalpy and unfavorableentropy contributions, due to formation
of base-pair stacks and uptake of both water and counterions, respectively.
Complete thermodynamic parameters, includingDnW andDnion, for all 10W-C
nearest-neighbor contributions were determined by solving the matrix of the
thermodynamic data. This allows us to predict the overall thermodynamics, hy-
dration and ion binding properties for the unfolding of a hairpin loop from
knowledge of its stem sequence. Supported by Grant MCB-0616005 from
the National Science Foundation.
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Tandem GA Residues on Opposite Sides of the Loop in Molecular Beacon-
Like DNA Hairpins Compact the Loop and Increase Hairpin Stability
Nancy C. Stellwagen, Chun Yaw (Joel) Chang.
University of Iowa, Iowa City, IA, USA.
The free solution electrophoretic mobilities and thermal stabilities of hairpins
formed by two complementary 26-nucleotide oligomers have been measured by
capillary electrophoresis. The oligomers are predicted to form molecular
beacon-like hairpins with 5 base paired stems and 16 nucleotides in the loop.
One hairpin, called hairpin2 (hp2), migrates with a relatively fast free solutionmobility and exhibits melting temperatures that are reasonably well predicted by
the popular structure-prediction program Mfold. Its complement, called hairpin1
(hp1), migrates with a slower free solution mobility and forms a stable hairpin
only in solutions containingR200 mM Naþ. The melting temperatures observed
for hp1 are ~18C lower than observed for hp2 and ~20C lower than predicted by
Mfold. The greater thermal stability of hp2 is due to the presence of tandem GA
residues on opposite sides of the loop. If the corresponding TC residues in the
hp1 loop are replaced by tandem GA residues, the melting temperatures of the
modified hairpin are close to the values observed for hp2. Eliminating the tandem
GA residues in the hp2 loop significantly decreases the thermal stability of hp2. If
the loops are replaced by a loop of 16 thymine residues, the free solutionmobilities
and thermal stabilities of the T-loop hairpin are equal to those observed for hp1.
Hence, the hp1 loop appears to be relatively unstructured, with few base-base
stacking interactions. Interactions between tandem GA residues on opposite sides
of the hp2 loop compact the loop and increase hairpin stability.
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Impact of TMAO on the preQ1 RNA Riboswitch Studied using Molecular
Dynamics Simulations
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Trimethylamine N-oxide (TMAO) is an osmolyte that accumulates in response
to cellular osmotic stress. TMAO is traditionally known for its role as a protein
stabilizer but it has not been clear if it also stabilizes RNA structure. Here, we
perform multiple molecular dynamics (MD) simulations to determine the effect
of TMAOonRNAusing the preQ1 riboswitch as amodel system. To investigate
osmolyte stabilization, several systemswere run using the riboswitch solvated in
different TMAO concentrations, including TMAO in its fully neutral state and
with a fraction of TMAO in its protonated state. Result show that RNA stability
depends on both the TMAO concentration and the protonation state of the
TMAO near the RNA molecule. From the simulations we are able to examine
the molecular mechanism of TMAO stabilization of RNA structure.
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The hepatitis delta virus (HDV) is the only known human pathogen to contain
a self-cleaving catalytic RNAmotif (ribozyme) in its genome. The native struc-
ture of the HDV ribozyme consists of five helices (P1 - P4 and P1.1) that come
together to form a double-nested pseudoknot. The active site with the catalyt-
ically involved C75 residue lies at the heart of this complex structure. The
recent emergence of a product-like crystal structure of the precursor form of
the HDV ribozyme1 has cast doubt on previous structural and biochemical
evidence that a significant conformational change occurs along the reaction
trajectory from precursor to product. We here are using MD simulations to
investigate the impact that key structural motifs as well as chemical and struc-
tural modifications necessary to crystallize the ribozyme have on conforma-
tional dynamics of the active site in this recent crystal structure. Our
simulations specifically probe the effects of varying base protonation, base
identity in key structural motifs, and alternate conformations of the scissile
phosphate on catalytic fitness2. Analysis of our MD simulations indicates
that the precise position of C75, and thus catalytic fitness, is significantly af-
fected by the modifications introduced into the recent crystal structure. We
also investigate in detail the effects of force field choice on the observed ribo-
zyme structural dynamics, by comparing several force field variants, including
our recent reparametrization of the chi profile of the Cornell et al (AMBER)
force field 3.
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The Multiple Substrate Recognition Properties of Ribonuclease P
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Ribonuclease P is an essential enzyme that is responsible for catalyzing the 5’end
maturation of transfer RNA. InBacteria, theRNase P holoenzyme is composed of
a large RNA (~400nt) and a smaller (~100aa) protein. RNase P RNA contains the
enzymeactive site and interactswith tRNA; however, theprotein subunit is essen-
tial in vivobecause it binds the pre-tRNA leader sequence and increases active site
metal ion binding.Unlikemost enzymes, RNase P processesmultiple structurally
278a Monday, February 27, 2012distinct substrates. Although the processing kinetics of individual substrates have
been examined, comparison of processing kinetics and kinetic competition be-
tween substrates has not been explored. To understand the basis for multiple sub-
strate recognition by the holoenzyme we determined kinetic schemes forpre-
tRNA608MET, a consensus pre-tRNA, and pretRNA605fmet, a non-consensus
pre-tRNA, usingfluorescence assays and standard discontinuous assays.Remark-
ably, the results show processing kinetics to be uniformwith the rate limiting step
beingassociation.Toobtain a complete and comprehensive understanding of how
sequence and structure influence processing rates and competition between sub-
strates, we undertook two complementary directions. First, we directly examined
the competition between pre-tRNA608MET and pre-tRNA605fmet distinguish-
ing products using different leader sequence length. Second, we designed a high
throughput method to determine the effects, if any, of differences in pre-tRNA
leader sequence and structure by using deep sequencing to follow the range in dis-
tribution of different substrate sequence variants in the same reaction.
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The spliceosome is a complex ribonucleoprotein (RNP) that catalyzes the re-
moval of intervening sequences (introns) from coding regions (exons) in eu-
karyotic pre-mRNAs. The ordered assembly of the spliceosome makes it a
compositionally dynamic system where protein and RNA components are shut-
tled in and out in a highly regulated manner. Furthermore, catalytic activation
of the spliceosome requires a dynamic set of ATP dependent RNA-RNA and
RNA-protein interactions. Extensive genetic and in vitro biochemical work
has been done to define the cis- and trans- acting factors that are required for
both steps splicing. On the other hand, the pre-mRNA substrate which acts
as both the scaffold for assembly and is a key component of the chemical steps
after activation by a yet to be identified spliceosomal catalyst has been wholly
ignored thus far. The difficulty in interrogating this system without synchrony
and inactivation, thus precluding real time measurements, has proven difficult
to overcome. To dissect the kinetic and conformational requirements for pre-
mRNA positioning during spliceosome assembly we developed an in vitro sin-
gle molecule FRET (smFRET) splicing assay in which the position of con-
served intronic sequences have been tracked in real-time throughout splicing.
The ability to stall the splicing process with mutations in either the pre-
mRNA or splicing components we can dissect the role of spliceosome compo-
nents in regulating pre-mRNA conformations. Additionally, we have utilized
an affinity purification technique to determine the relative positions of con-
served sequences in isolated splicing intermediates. We have observed revers-
ible conformations changes whose kinetics are affected by ATP and the identity
of splice sites.The kinetics of these conformations has implications for proof-
reading and catalysis that are essential for the maintenance of proper gene
expression.
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In the HIV life cycle, reverse transcription allows conversion of a single
stranded genomic RNA into double stranded DNA, capable of integration. A
prerequisite for the reverse transcription process is the formation of the initia-
tion complex between the RNA genome and a host-cell tRNA that is used as
a primer by reverse transcriptase. The nucleocapsid protein (NC) is involved
in this process, which requires hybridization of the tRNA to the complementary
primer binding site (PBS) sequence on the RNA genome. Besides the tRNA-
PBS interaction, other interactions were proposed to play a role such as an 8-
nucleotide motif in the U5 region of the untranslated leader RNA, named the
primer activation signal (PAS). We investigate the tRNA annealing process
and the presence of a tRNA-PAS interaction using fluorescence resonance en-
ergy transfer (FRET) spectroscopy and single molecule FRET microscopy. In
our assay, fluorescent donor and acceptor molecules were covalently attached
to an RNA template mimicking the region of the HIV-1 genome in which the
PBS sequence is located. We observe better folding of the RNA molecules in
the presence of NC than with heat annealing and a large change in conforma-
tion of the RNA molecule upon tRNA annealing. Our results give further evi-
dence that tRNA also interacts with the viral RNA PAS motif.1414-Pos Board B184
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Single-molecule spectroscopy has relied on detectors that offer a variety of
features enabling single molecule sensitivity. Single-Photon Avalanche Di-
odes (SPADs) are prominent among detectors used to sample fluorescent-
labeled species and identify their physical characteristics, diffusion properties
and elucidate molecular interactions. Existing brands of commercial SPADs
suffer from either low quantum efficiency in one part of the spectrum, poor
timing resolution or lack of temporal stability and/or heterogeneous instru-
ment response functions (IRFs). Finally, some SPADs can fail after exposure
to strong intensity signals. In this study, we characterize a new custom-
technology SPAD detector addressing these drawbacks and compare its prop-
erties to those of a popular commercially available SPAD detector used in
single-fluorescence microscopy experiments. We performed two-color sin-
gle-molecule FRET (smFRET) experiments on doubly labeled DNA using Al-
ternating Laser Excitation (ALEX). We compare results obtained with both
types of detectors in identical conditions, using both ratiometric FRET and
lifetime FRET analysis. The new detector offers excellent sensitivity in the
red part of the spectrum. Lifetime FRET measurements reveal excellent tim-
ing resolution, IRF stability, enabling the study of short timescale dynamics.
Our results validate this new red-enhanced SPAD detector for both
intensity-based and time-resolved single-molecule FRET experiments among
many other capabilities.
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sis Reveal the Influence of Dye Selection on DNA Hairpin Dynamics
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Fluorescence-correlation-spectroscopy (FCS) is a powerful tool to gain infor-
mation about dynamics of bio-molecules. However, the key problem is to ex-
tract the rates hidden in the FCS data by fitting the data to a meaningful model.
A number of different fitting approaches have been described in recent years
but the extraction of relevant information till now was still limited by numerous
experimental problems and the fact that the set of starting parameter values
chosen could often predefine the result. We establish a new way to globally an-
alyze FCS data based on Bayesian inference to overcome these issues. More-
over, the influence of other remaining experimental error sources, e.g. photo-
physics, is excluded by additional means. Using this approach in combination
with the results from single molecule burst analysis, we investigate the kinetics
of DNA hairpins labeled with a variety of different fluorescent probes as a func-
tion of salt concentration. We find that dye selection influences the rates of hair-
pin opening and closing as well as the equilibrium constant of the transition.
Thus, great caution has to be used when utilizing dye molecules as reporters
for the kinetics of dynamic macromolecular structures.Nucleic Acid Biophysics in vivo
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Resolution Microscopy
Sangjin Kim, Michael Mlodzianoski, Joerg Bewersdorf,
Christine Jacobs-Wagner.
Yale University, New Haven, CT, USA.
Bacterial cells are often erroneously regarded as a tiny sack of molecules, but
growing evidence suggests surprisingly sophisticated internal organization in
bacteria. Here we present how mRNA is spatially organized in a model bacte-
rium, Caulobacter crescentus. We developed 3D super-resolution microscopy
technique based on fluorescence in situ hybridization to probe chromosomally
encoded mRNA of a specific gene with ~25 nm lateral resolution and ~50 nm
axial resolution. We found that most of the mRNAmolecules are localized near
the gene loci on the chromosome and that the remaining mRNA molecules are
distributed around cell area with interesting localization patterns in the axial di-
rection. We investigated spatial distribution of mRNA in relation to the cellular
morphology and discuss cell cycle-dependent localization of certain bacterial
mRNA.
